Abstract. Recent cultural heritage applications have been based on rich-content virtual environment (VE), in which virtual humans can communicate with visitors and other agents using natural language (NL). The conceptualisation of these dialogues are dependent on the contents of the application. Hence, we propose to use the semantic modelling of the VE and the activities of agents for the conceptualisation of the dialogue. Meta level semantic information are used as arguments in NLU/NLG rules. The advantage of this approach is that the dialogue rules are independent from the contents of the application and have clear semantics. We applied these principles to develop Brest'Coz, an interactive virtual tour for the learning of shipbuilding techniques used in France in early 18 th century.
Introduction
This study takes place in a general perspective to make the development of richcontent virtual reality (VR) applications more rational, and we address more specifically issues related to the design of conversational agents. As proposed by many authors [1, 8] , one promising approach is to center the architecture on an abstract semantic layer. The main motivations are as follows: (1) The design of the VE and that of agents, should be independent. That means that the communicative capabilities of an agent, such as a guide in an interactive virtual tour (or an educational agent), should be independent to the environment it is supposed to act in. (2) The semantic model of the environment, both physical and social, can be used as a source of knowledge for agents to make decisions and to support dialogues [4] .
This article presents how these principles have been successfully used to develop Brest'Coz, an interactive virtual tour dedicated to the learning of techniques used for shipbuilding in France in early 18 th century. The learning is based on a gaming approach. Users receive directions from a virtual guide and have to communicate with non-playing characters to get information and participate to some collaborative activities.
Providing NL dialogue capabilities to conversational agents using semantic modelling, rises many scientific issues. One of the issues is what the agent can say? In Brest'Coz, agents should be able to describe the structure of the environment, i.e., properties of objects, their behaviors and their spatial relationships. Moreover, the visitor may ask agents to describe their own activities or the activities of other agents. Also, agents can be involved in some collaborative activities. Thus, while communicating with other agents and visitors, agents should take into account the social norms, including their roles and organisational rules.
Another issue is how does the agent generate the NL dialogue structure? In many applications [7, 11] , the dialogue management is based on dialogue acts. However, this approach is highly dependent on contents of the application, and requires extra efforts for the annotation of dialogue acts [3] . In contrast, the rule-based dialogue management approach, like in [13] operates on a hard-coded set of rules, using pattern matching and substitution, to generate the response. The fundamental bottleneck of this approach is that the knowledge is explicitly presented in the form of hard-coded values in dialogue rules. All these approaches do not take into account the semantics of the VE and therefore, are not suitable for the modelling of dialogue behaviors, independent from the application.
To develop Brest'Coz, we used Mascaret framework in which we embedded NabuTalk, a commercial rule-based dialogue engine. We defined the generic queries agents can perform on the semantic model in order to interpret, and to generate utterances. Because these NLU/NLG rules are defined at an abstract level (meta-model) they are independent of the content of the application and have clear semantics.
In Sect. 2, we present the Brest'Coz application. Sect. 3 gives main elements of the semantic layer used as linguistic resources for conversational agents. Sect. 4 illustrates how these semantic information are used in NLU/NLG rules.
The Brest'Coz Application
Brest'Coz is an application for interactively visiting the harbour of Brest, France. In early 18 th century, it was an important site for the French navy where various specific shipbuilding techniques were used. It is a task-oriented tour. At the beginning, a virtual guide gives some directions about the goal assigned to the user, which is represented by a human-like avatar. The user has to take part to the transshipment of a boat, and can learn how middle-age wheeled cranes were operated for that. To get involved in this collaborative activity (supported by autonomous agents), the user has to communicate with different characters and to interact with the environment using VR peripherals.
The 3D modelling encompassed the docks, some noticeable buildings and various shipbuilding sites (Fig. 1) . We simulated different shipbuilding activities (e.g., shipwrighting, transshipment), performed by different categories of workers (autonomous virtual agents).
